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(54) ELECTRICAL DEVICE

(67)  An electrical machinery and apparatus 1 has a
firstrechargeable battery 11, and a second rechargeable
battery 12 different in characteristics from the first re-
chargeable battery 11 built therein, the electrical machin-
ery and apparatus 1 including: a first charging circuit 13
charging the first rechargeable battery 11; and a second
charging circuit 14 charging the second rechargeable
battery 12. The second charging circuit 14 charges the

second rechargeable battery 12 with an electric power
supplied from an outside of the electrical machinery and
apparatus 1, and the first charging circuit 13 charges the
first rechargeable battery with both the electric power
supplied from the outside of the electrical machinery and
apparatus 1, and an electric power supplied from the sec-
ond rechargeable battery 12.

FIG.1
7 vig 13
|_l__> { Sl 2 Vs1
10 L1
Ee —> e7 e s HRN
Sw4
AT R —
i Swi
Vi2 ) w} o1 y Vb1 20
18 = gt
,L,Vﬂ s
I
L2 Vs2
? LN L 19 @
21 sSw2
| b2 Ry Vb2
AAA
14

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 525 317 A1 2

Description
[Technical Field]

[0001] The present invention relates to an electrical
machinery and apparatus which operates with an elec-
trical power supplied from a secondary battery.

[Background Art]

[0002] Some electrical machinery and apparatuses
each of which operates by consuming an electric power
supplied from a secondary battery to operate need a rel-
atively large current in a short period of time. For such a
use application, a secondary battery showing a large
maximum discharge current is desirably used. On the
other hand, for reducing the number of times of the charg-
ing, or for using the electrical machinery and apparatus
over a long period of time without being charged, a den-
sity of energy accumulable within the electrical machin-
ery and apparatus is desirably increased.

[Summary]
[Technical Problem]

[0003] It is difficult to fulfill the different requests as
described above by only one kind of secondary battery
in some cases. Then, it is considered to use a plurality
of kinds of secondary batteries different in characteristics
from one another. However, a method of efficiently uti-
lizing such a plurality of kinds of secondary batteries has
not been sufficiently examined until now.

[0004] The present invention has been made in con-
sideration of the actual situation described above, and it
is therefore one of objects thereof to provide an electrical
machinery and apparatus which operates by efficiently
utilizing a plurality of kinds of secondary batteries.

[Solution to Problem]

[0005] An electrical machinery and apparatus accord-
ing to the present invention is an electrical machinery
and apparatus having a first rechargeable battery and a
second rechargeable battery different in characteristics
from the first rechargeable battery built therein, the elec-
trical machinery and apparatus including a first charging
circuit charging the first rechargeable battery, and a sec-
ond charging circuit charging the second rechargeable
battery. The second charging circuit charges the second
rechargeable battery with an electric power supplied from
an outside of the electrical machinery and apparatus, and
the first charging unit charges the first rechargeable bat-
tery with both the electric power supplied from the elec-
trical machinery and apparatus, and the electric power
supplied from the secondary rechargeable battery.
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[Brief Description of Drawings]
[0006]

FIG. 1 is a circuit diagram depicting a circuit config-
uration of an electrical machinery and apparatus ac-
cording to an embodiment of the present invention.
FIG. 2 is a flow chart depicting an example of a flow
of processing when an external power source is con-
nected.

FIG. 3 is a flow chart depicting an example of a flow
of processing when the connection of the external
power source is released.

FIG.4Ais a graph explaining an example of boosting
control by a boosting circuit.

FIG. 4B is a graph explaining another example of
the boosting control by the boosting circuit.

FIG. 5is a circuit diagram depicting another example
of a circuit configuration of an electrical machinery
and apparatus according to a modified change of the
embodiment of the present invention.

[Description of Embodiment]

[0007] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to draw-
ings.

[0008] FIG. 1 is a circuit diagram depicting a circuit

configuration of an electrical machinery and apparatus 1
according to an embodiment of the present invention. As
depicted in the figure, the electrical machinery and ap-
paratus 1 can have a first rechargeable battery 11 and a
second rechargeable battery 12 built therein. The elec-
trical machinery and apparatus 1 includes a first charging
circuit 13, a second charging circuit 14, a first capacity
calculating circuit 15, a second capacity calculating cir-
cuit 16, a power source terminal 17, a switching circuit
18, a boosting circuit 19, a load 20, and a control circuit
21. The electrical machinery and apparatus 1 according
to the present embodiment may be various apparatuses,
which operate with the electric power supplied from a
rechargeable battery, such as an electric tool, an electric
car, a storage battery, and an aircraft.

[0009] Each of the first rechargeable battery 11 and
the second rechargeable battery 12 is a secondary bat-
tery which can repetitively perform charge/discharge,
and the electrical machinery and apparatus 1 operates
with the electric powers supplied from these rechargea-
ble batteries. In the present embodiment, it is assumed
that the first rechargeable battery 11 and the second re-
chargeable battery 12 are rechargeable batteries which
are different in characteristics from each other. Here, the
characteristics of the rechargeable battery are parame-
ters such as an allowable maximum charging current, a
maximum discharge current, impedance, and an energy
density. The first rechargeable battery 11 and the second
rechargeable battery 12 are different in at least any one
of these parameters from each other. Specifically, in the
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present embodiment, it is assumed that the first re-
chargeable battery 11 is a battery which is larger in the
maximum discharge current than the second recharge-
able battery 12, and is smaller in the energy density and
the impedance than the second rechargeable battery 12.
Since the maximum discharge current is large and the
impedance is small, the first rechargeable battery 11 can
supply a large electric power in a short period of time as
compared with the case of the second rechargeable bat-
tery 12. However, since the first rechargeable battery 11
is smaller in energy density than the second rechargea-
ble battery 12, it is difficult for only the first rechargeable
battery 11 to accumulate the sufficient electric power with
the limited value. Then, by using the second rechargea-
ble battery 12 which is larger in energy density than the
first rechargeable battery 11 together with the second
rechargeable battery 12 which is larger in energy density
than the first rechargeable battery 11, the capacity of the
electric power accumulable in the electrical machinery
and apparatus 1 can be increased. As a concrete exam-
ple, the first rechargeable battery 11 may be a lithium-
ion battery, and the second rechargeable battery 12 may
be an all-solid-state battery. In addition, the first re-
chargeable battery 11 may also be a laminated lithium-
ion battery, and the second rechargeable battery 12 may
also be a general lithium-ion battery.

[0010] The first charging circuit 13 and the second
charging circuit 14 are circuits for charging the corre-
sponding rechargeable batteries individually, and thus
may be integrated circuits such as charging integrated
circuits (ICs). Each of the charging circuits is connected
in input side thereof to a switching circuit 18. The first
charging circuit 13 is connected to the load 20 through a
coil L1, and is connected to a positive polarity side of the
first rechargeable battery 11 through a resistor R1. In
addition, the second charging circuit 14 is connected to
the boosting circuit 19 through a coil L2 and is connected
to a positive polarity side of the second rechargeable
battery 12 through a resistor R2.

[0011] In addition, the first charging circuit 13 has a
switching element Sw1 built therein on a charging path
thereof. Likewise, the second charging circuit 14 has a
switching element Sw2 built therein. When these switch-
ing elements are turned OFF, the charging for the corre-
sponding rechargeable battery is stopped. It should be
noted that the internal circuit configurations of the charg-
ing circuits are omitted in the figure except for these
switching elements.

[0012] The first capacity calculating circuit 15 and the
second capacity calculating circuit 16 calculate the bat-
tery capacities of the corresponding rechargeable bat-
teries individually, and input the respective calculation
results to the control circuit 21. Specifically, the first ca-
pacity calculating circuit 15 is connected in parallel to the
resistor R1 and measures a current Ib1 caused to flow
through the first rechargeable battery 11 and a battery
voltage Vb1 of the first rechargeable battery 11. Then,
the first capacity calculating circuit 15 calculates the bat-
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tery capacity of the first rechargeable battery 11 ata time
point of the measurement by using these pieces of infor-
mation. Likewise, the second capacity calculating circuit
16 is connected in parallel to the resistor R2 and meas-
ures a current b2 caused to flow through the second
rechargeable battery 12 and a battery voltage Vb2 of the
second rechargeable battery 12. Then, the second ca-
pacity calculating circuit 16 calculates the battery capac-
ity of the secondary rechargeable battery 12 based on
the measurement result.

[0013] The power source terminal 17 is a terminal
which is connected to an external electric power supply
source (hereinafter, referred to as an external power
source). The electric power with which the first recharge-
able battery 11 and the second rechargeable battery 12
are charged is supplied from the external power source
through the power source terminal 17. For example, an
alternate current (AC) adapter for converting an AC elec-
tric power supplied from a commercial AC power source
into a direct current (DC) electric power which is in turn
outputted may be connected to the power source terminal
17. Alternatively, an electrical machinery and apparatus
such as a universal serial bus (USB) host apparatus re-
sponding to the electric power supply may be connected
to the power source terminal 17.

[0014] The switching circuit 18 is a circuit for switching
a supply source of the electric power inputted to the first
charging circuit 13, and includes switching elements. The
power source terminal 17 and the boosting circuit 19 are
connected to an input side of the switching circuit 18. The
switching circuit 18 switches these connection destina-
tions, thereby selecting one of the external power source
and the second rechargeable battery 12 as a supply
source of the electric power. The first charging circuit 13
and the second charging circuit 14 are connected to an
output side of the switching circuit 18. When the input to
the switching circuit 18 is switched to the power source
terminal 17, the electric power of a voltage Vi1 supplied
from the external power source is inputted to each of the
first charging circuit 13 and the second charging circuit
14 to be used for the charging of both the first recharge-
able battery 11 and the second rechargeable battery 12.
On the other hand, in the case where the input to the
switching circuit 18 is switched to the boosting circuit 19,
the electric power supplied from the secondary recharge-
able battery 12 is inputted as the electric power of a volt-
age Vi2 to the first charging circuit 13 through the boost-
ing circuit 19. This electric power is used for the charging
of the first rechargeable battery 11, and for the operation
of the load 20.

[0015] As an example, in FIG. 1, the switching circuit
18 includes two semiconductor switching elements Sw3
and Sw4. One of the two switching elements is selectively
turned ON, whereby one of the power source terminal
17 and the boosting circuit 19 becomes the input to the
switching circuit 18. Specifically, when the switching el-
ement Sw3 is turned ON, and the switching element Sw4
is turned OFF, the power source terminal 17 and the first
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charging circuit 13 are connected to each other. When
the switching element Sw3 is turned OFF, and the switch-
ing element Sw4 is turned ON, the output of the boosting
circuit 19, and the first charging circuit 13 are connected
to each other. However, the configuration of the switching
circuit 18 is by no means limited to the configuration de-
picted in FIG. 1, and the switching circuit 18 may adopt
various kinds of configurations. In addition, the switching
circuit 18 may be provided with a soft-start function for
inrush current protection or an overcurrent protecting cir-
cuit. In addition, the switching circuit 18 may include a
mechanical switching element.

[0016] The switching circuit 18 may switch the connec-
tion destination in response to a control signal from the
control circuit 21. In this case, the control circuit 21 mon-
itors presence or absence of the electric power supply
to the power source terminal 17, and switches the con-
nection destination of the switching circuit 18 over to the
power source terminal 17 in the case where the electric
power supply is detected. In addition, in case of the me-
chanical switching element, the switching circuit 18
switches the connection destination in response to pres-
ence or absence of the connection from the outside to
the power source terminal 17. In any case, the connection
destination of the switching circuit 18 is switched to the
power source terminal 17 in the case where the electric
power is supplied to the power source terminal 17, and
is switched to the boosting circuit 19 in the case where
no electric power is supplied. It should be noted that the
switching circuit 18 may also be a switching element for
switching the connection destination in response to the
manipulation performed by a user.

[0017] The boosting circuit 19 boosts a voltage Vs2
outputted from the second charging circuit 14 to a voltage
Vi2, and inputs the boosted voltage Vi2 to the switching
circuit 18. The boosting circuit 19, for example, may be
a direct current (DC)/DC converter or the like.

[0018] The load 20 is a circuit element or the like for
realizing an essential function of the electrical machinery
and apparatus 1, and operates by consuming the electric
powers which are supplied from the external power
source, the first rechargeable battery 11 and the second
rechargeable battery 12. The load 20 may include various
kinds of components responding to the kind of the elec-
trical machinery and apparatus 1, such as a motor or an
integrated circuit. In addition, in the case where the elec-
trical machinery and apparatus 1 is a battery, or the like,
the load which operates by consuming the electric pow-
ers supplied from the respective rechargeable batteries
may be provided outside the electrical machinery and
apparatus 1. The voltage Vs1 outputted from the first
charging circuit 13 is inputted to the load 20.

[0019] The control circuit 21 controls the operations of
the circuits within the electrical machinery and apparatus
1. Specifically, in the present embodiment, the control
circuit 21 is connected to the first charging circuit 13, the
second charging circuit 14, the first capacity calculating
circuit 15, the second capacity calculating circuit 16, the
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switching circuit 18, and the boosting circuit 19. It should
be noted that in FIG. 1, signal lines for realizing these
connections are omitted. The control circuit 21 monitors
the situation of the charging for the rechargeable batter-
ies by thefirst charging circuit 13 and the second charging
circuit 14. In addition, the control circuit 21 acquires the
pieces of information associated with the charging ca-
pacities of the rechargeable batteries from the first ca-
pacity calculating circuit 15 and the second capacity cal-
culating circuit 16. Then, the control circuit 21 causes the
first charging circuit 13, the second charging circuit 14,
and the boosting circuit 19 to operate inresponse to these
pieces of information, thereby controlling the charge/dis-
charge by the first rechargeable battery 11 and the sec-
ond rechargeable battery 12. In addition, as described
above, the control circuit 21 may monitor presence or
absence of the connection to the power source terminal
17, and may switch the connection destination of the
switching circuit 18 in response to the monitoring result.
[0020] Hereinafter, a description will be given with re-
spect to an operation of the electrical machinery and ap-
paratus 1 having the configuration which has been de-
scribed so far.

[0021] First, a description will be given with respect to
the operation of the electrical machinery and apparatus
1 in a state in which the external power source is con-
nected to the power source terminal 17. When the exter-
nal power source is connected to the power source ter-
minal 17, the control circuit 21 turns ON the switching
element Sw3 of the switching circuit 18, and turns OFF
the switching element Sw4 of the switching circuit 18. As
aresult, the input to the switching circuit 18 is switched
tothe power source terminal 17, and the currentis caused
to flow from the external power source to the load 20
through the switching circuit 18, and the first charging
circuit 13. As aresult, the load 20 operates by consuming
the electric power supplied thereto from the external pow-
er source. However, in the case where the electric power
is insufficient only from the electric power from the exter-
nal power source such as the case where a large amount
of electric power is momentarily consumed, or the like,
the load 20 may operate by consuming the electric power
together with the electric power which is temporarily sup-
plied from the first rechargeable battery 11. Such control
can be realized by using the function which the first charg-
ing circuit 13 has.

[0022] Moreover,inthe state in which the external pow-
er source is connected to the power source terminal 17,
the control circuit 21 issues an instruction to the corre-
sponding charging circuit so as to charge the recharge-
able batteries with the electric power supplied from the
external power source in response to the charging states
of the first rechargeable battery 11 and the second re-
chargeable battery 12.

[0023] Specifically, in the case where it is decided that
the battery capacity of the first rechargeable battery 11
is smaller than a charging target value based on the cal-
culation result in the first capacity calculating circuit 15,
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the control circuit 21 turns ON the switching element Sw1
to output a control signal in accordance with which the
charging of the first rechargeable battery 11 is started to
the first charging circuit 13. In response to the control
signal, the first charging circuit 13 charges the first re-
chargeable battery 11 with the electric power supplied
from the external power source. Thereafter, in the case
where it is detected that the battery capacity of the first
rechargeable battery 11 has reached the charging target
value, the control circuit 21 turns OFF the switching ele-
ment Sw1 to stop the charging of the first rechargeable
battery 11.

[0024] Likewise, in the case where it is decided that
the battery capacity of the second rechargeable battery
12 is smaller than the charging target value based on the
calculation result in the second capacity calculating cir-
cuit 16, the control circuit 21 turns ON the switching el-
ement Sw2 to output a control signal in accordance with
which the charging of the second rechargeable battery
12 is started to the second charging circuit 14. In re-
sponse to the control signal, the second charging circuit
14 charges the second rechargeable battery 12 with the
electric power supplied from the external power source.
Thereafter, in the case where it is detected that the bat-
tery capacity of the second rechargeable battery 12 has
reached the charging target value, the control circuit 21
turns OFF the switching element Sw2 to stop the charging
of the second rechargeable battery 12.

[0025] Incidentally, although the charging target value
of the battery capacity of each of the rechargeable bat-
teries may be 100% (full charge of the battery), the charg-
ing target value of the battery capacity of each of the
rechargeable batteries may be a smaller value than
100%, and the first rechargeable battery 11 is difficult in
charging target value from the second rechargeable bat-
tery 12. In particular, since the first rechargeable battery
11, as will be described later, is charged with the electric
power supplied from the secondary rechargeable battery
12 while the external power source is not connected, if
the charging target value is set to 100%, then, it is pos-
sible that the first rechargeable battery 11 is held in the
full charge over a relatively long period of time. However,
if the rechargeable battery becomes the state of the full
charge in a long period of time, then, it is feared that the
deterioration of the battery is accelerated. Then, the
charge target value of the battery capacity of the first
rechargeable battery 11 may have a lower value (for ex-
ample, 80%) than that ofthe second rechargeable battery
12.

[0026] It should be noted that although in this case, the
control circuit 21 decides whether or not the charging of
each of the rechargeable batteries is ended based on
the calculation result in the corresponding capacity cal-
culating circuit, the present embodiment is by no means
limited thereto. Then, the control circuit 21 may decide
the timing of the end of the charging based on the mag-
nitudes of the battery voltage and the charging current
of the rechargeable battery.
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[0027] Here, a description will be given with respect to
an example of a flow of the control when the external
power source is newly connected to the power source
terminal 17 with reference to a flow chart of FIG. 2. When
the control circuit 21 detects that the external power
source is connected to the power source terminal 17, the
control circuit 21 turns ON the switching element Sw3 of
the switching circuit 18, and turns OFF the switching el-
ement Sw4 to switch the input to the switching circuit 18
to the power source terminal 17 side (S1). As a result,
the voltage Vi1 supplied from the external power source
is inputted to each of the first charging circuit 13 and the
second charging circuit 14.

[0028] Subsequently, the control circuit 21 turns ON
each of the first charging circuit 13 and the second charg-
ing circuit 14 (S2). Thereafter, the control circuit 21 de-
cides whether or not the battery capacity of the first re-
chargeable battery 11 is smaller than the charging target
value by using the calculation result in the first capacity
calculating circuit 15 (S3). In the case where the battery
capacity of the first rechargeable battery 11 is smaller
than the charging target value, the control circuit 21 turns
ON the switching element Sw1 to instruct the first charg-
ing circuit 13 so as to start the charging of the first re-
chargeable battery 11 (S4). On the other hand, in the
case where the battery capacity of the first rechargeable
battery 11 is equal to or larger than the charging target
value, since the first rechargeable battery 11 needs not
to be charged at that time, the processing directly pro-
ceeds to next Step.

[0029] Next, the control circuit 21 decides whether or
not the battery capacity of the second rechargeable bat-
tery 12 is smaller than the charging target value by using
the calculation result in the second capacity calculating
circuit 16 (S5). In the case where the battery capacity of
the second rechargeable battery 12 is smaller than the
charging target value, the control circuit 21 turns ON the
switching element Sw2 to instruct the second charging
circuit 14 so as to start the charging of the second re-
chargeable battery 12 (S6). On the other hand, in the
case where the battery capacity of the second recharge-
able battery 12 is equal to or larger than the charging
target value, since the second rechargeable battery 12
needs not to be charged at that time, the control circuit
21 turns OFF the charging control for the second charging
circuit 14 (S7). When the external power source is con-
nected to the power source terminal 17 from the above
flow, the loads 20 can operate by the supplied electric
power, and the charging of the rechargeable battery for
which the charging is necessary can be started.

[0030] Itshould be noted thatin the above description,
both the first rechargeable battery 11 and the second
rechargeable battery 12 are simultaneously charged with
the electric power supplied from the external power
source. However, the present embodiment is by no
means limited thereto. In the electrical machinery and
apparatus 1, the first rechargeable battery 11 and the
second rechargeable battery 12 may be charged one by



9 EP 3 525 317 A1 10

one all at once. In this case, the electric power supply
ability of the external power source can be reduced as
compared with the case where the first rechargeable bat-
tery 11 and the second rechargeable battery 12 are si-
multaneously charged. Moreover, in this case, in the
electrical machinery and apparatus 1, the first recharge-
able battery 11 showing the larger maximum discharge
current may be preferentially charged, and after the bat-
tery capacity of the first rechargeable battery 11 has
reached the charging target value, the secondary re-
chargeable battery 12 may be charged. As a result, the
state in which the electric power is usually accumulated
in the first rechargeable battery 11 which can momentar-
ily output the large electric power can be held. In the
example, in the case where the battery capacity of the
firstrechargeable battery 11 falls below a given threshold
value by the operation of the load 20, the charging of the
second rechargeable battery 12 is stopped, and the
charging of the first rechargeable battery 11 is restarted.
[0031] Next, a description will be given with respect to
the operation of the electrical machinery and apparatus
1 in a state in which no external power source is con-
nected. In the case where the connection of the external
power source to the power source terminal 17 isreleased,
the control circuit 21 switches the switching element Sw3
of the switching circuit 18 to turn-OFF, and switches the
switching element Sw4 to turn-ON. As a result, the output
ofthe boosting circuit 19, and the input of the first charging
circuit 13 are connected to each other through the switch-
ing circuit 18. Moreover, the second charging circuit 14
turns OFF a charging function while the switching ele-
ment Sw2 is turned ON in response to the instruction
issued from the control circuit 21. The control circuit 21
starts the operation of the boosting circuit 19 together
with that operation. Atthis time, the voltage Vs2 outputted
from the second charging circuit 14 becomes the voltage
generated through the discharge of the secondary re-
chargeable battery 12. The boosting circuit 19 boosts the
voltage Vs2 generated through the discharge, and inputs
the voltage Vs2 thus boosted to the first charging circuit
13 through the switching circuit 18. That is, in the case
where no external power source is connected, instead
of the electric power supplied from the external power
source, the electric power supplied from the second re-
chargeable battery 12 is inputted to the first charging cir-
cuit 13, and the load 20 operates by this electric power.
[0032] Incidentally, similarly to the case where the load
20 operates by the electric power supplied from the ex-
ternal power source, in the case where the electric power
is insufficient only with the electric power supplied from
the second rechargeable battery 12, the load 20 may
operate by consuming the electric power supplied from
the first rechargeable battery 11. As previously stated, in
the present embodiment, the first rechargeable battery
11 is larger in maximum discharge current than the sec-
ond rechargeable battery 12. For this reason, even in the
case where alarge amount of electric power is necessary
for the load 20 for a short period of time and thus the
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supplied electric power from the second rechargeable
battery 12 is insufficient, by supplying the electric power
from the first rechargeable battery 11, the load 20 be-
comes able to operate.

[0033] Moreover, in the case where the battery capac-
ity of the firstrechargeable battery 11 is reduced, the first
charging circuit 13 charges the first rechargeable battery
11 with the electric power supplied from the secondary
rechargeable battery 12. Then, if the battery capacity of
the first rechargeable battery 11 becomes the sufficiently
large value, then, the control circuit 21 may stop the op-
eration of the boosting circuit 19, and may turn OFF the
switching Sw2 to stop the electric power supply from the
secondary rechargeable battery 12. In this case, the load
20 operates only by the electric power supplied from the
first rechargeable battery 11. In the case where the elec-
tric power supply results in that the battery capacity of
the first rechargeable battery 11 falls below the given
threshold value, the second charging circuit 14 and the
boosting circuit 19 are operated again to charge the first
rechargeable battery 11 with the electric power supplied
from the second rechargeable battery 12.

[0034] In the case where no external power source is
connected in such a manner, the control in accordance
with which the load 20 is operated by the supplied electric
power from the first rechargeable battery 11, the load 20
is operated by the supplied electric power from the sec-
ond rechargeable battery 12, or the load 20 is operated
by the supplied electric powers from both the first and
second rechargeable batteries 11 and 12 can be made
in response to the charging state of the first rechargeable
battery 11 or the electric power necessary for the load
20. In addition, in the case where the battery capacity of
the first rechargeable battery 11 is reduced, the first re-
chargeable battery 11 is charged with the supplied elec-
tric power from the second rechargeable battery 12,
thereby enabling a state in which the electric power is
accumulated in the first rechargeable battery 11 which
can supply the large current to be held.

[0035] Here, a description will be given with respect to
an example of a flow of the control when the connection
of the external power source is released with reference
to a flow chart of FIG. 3. When the control circuit 21 de-
tects that the external power source is removed away
from the power source terminal 17, the control circuit 21
turns OFF the switching element Sw3 of the switching
circuit 18 and turns ON the switching element Sw4 to
switch the input to the switching circuit 18 to the boosting
circuit 19 side (S11). As aresult, the voltage Vi2 supplied
from the boosting circuit 19is inputted to the first charging
circuit 13.

[0036] Subsequently, the control circuit 21 turns ON
the switching element Sw1 to start the operation of the
first charging circuit 13, and turns OFF the charging func-
tion of the second charging circuit 14 (S12). As a result,
the electric power supplied from the boosting circuit 19
through the switching circuit 18 is not inputted to the sec-
ond charging circuit 14, but is inputted to only the first
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charging circuit 13. Thereafter, the control circuit 21 de-
cides whether or not the battery capacity of the first re-
chargeable battery 11 is smaller than the charging target
value by using the calculation result in the first capacity
calculating circuit 15 (S13).

[0037] In the case where it is decided in S13 that the
battery capacity of the first rechargeable battery 11 is
equal to or larger than the charging target value, the con-
trol circuit 21 turns OFF the switching element Sw2 of
the second charging circuit 14, and turns OFF the charg-
ing function of the first charging circuit 13, and the boost-
ing circuit 19. As a result, the electric power supply from
the second rechargeable battery 12 through the boosting
circuit 19 and the switching circuit 18 is stopped (S14).
In this state, the load 20 operates by only the electric
power supplied from the first rechargeable battery 11. In
this state, the control circuit 21 monitors whether or not
the battery capacity of the first rechargeable battery 11
becomes equal to or smaller than a recharge threshold
value (S15). Here, the recharge threshold value is a value
of the battery capacity with which it is decided that the
recharge of the first rechargeable battery 11 is neces-
sary, and the value (for example, 60%) which is smaller
than the charging target value.

[0038] In the case where it is decided in S13 that the
battery capacity of the first rechargeable battery 11 is
smaller than the charging target value, and in the case
where itis decided in S15 that the battery capacity of the
firstrechargeable battery 11 becomes equal to or smaller
than the recharge threshold value, the control circuit 21
decides whether or not the battery capacity of the second
rechargeable battery 12 is equal to or larger than the
lower limit by using the calculation result in the second
capacity calculating circuit 16 (S16). The lower limit in
this case is the lowest value (for example, 10%) of the
battery capacity with which the electric power supply from
the second rechargeable battery 12 can be performed.
In the case where the battery capacity of the second re-
chargeable battery 12 falls below than the lower limit, the
control circuit 21 turns OFF the switching element Sw2
of the second charging circuit 14, and turns OFF the
boosting circuit 19 to stop the electric power supply from
the second rechargeable battery 12 (S17). In this case,
since the sufficient electric power is not accumulated in
the whole of the electrical machinery and apparatus 1,
for example, a charging lamp may be lighted to urge the
user to connect the external power source.

[0039] On the other hand, in the case where it is de-
cided in S16 that the battery capacity of the second re-
chargeable battery 12 is equal to or larger than the lower
limit, the control circuit 21 instructs the second charging
circuit 14 to turn ON the switching element Sw2 (S18).
Then, the control circuit 21 turns ON the boosting circuit
19 to cause the boosting circuit 19 to start the boosting
control (S19). As a result, the output voltage from the
second rechargeable battery 12 is boosted to be inputted
to the first charging circuit 13 through the switching circuit
18. In such a way, the first rechargeable battery 11 is
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charged with the electric power supplied from the second
rechargeable battery 12, and the load 20 operates.
[0040] Here, a description will be given with respect to
a concrete example of the boosting control by the boost-
ing circuit 19. As previously stated, the boosting circuit
19 boosts the voltage Vs2 outputted from the second
charging circuit 14 to the voltage Vi2. The voltage Vi2
may be a fixed value. In this case, the voltage Vi2 after
the boosting is set to a value exceeding the maximum
value of the battery voltage of the first rechargeable bat-
tery 11. However, if a difference between the battery volt-
age of the first rechargeable battery 11, and the voltage
Vi2is large, the electric power consumption is generated
in the first charging circuit 13 all the more, which causes
the generation of heat, the energy lost or the like. Then,
the control circuit 21 may change the voltage Vi2 with
time in response to the fluctuation of the charging voltage
of the first rechargeable battery 11. In this case, the con-
trol circuit 21 acquires periodically the information asso-
ciated with the output voltage Vs1 from the first charging
circuit 13, updates the voltage Vi2 in response to that
information, and instructs the boosting circuit 19 to set
the voltage Vi2 after the update as the target value of the
boosting control.

[0041] FIG. 4Ais a graph depicting a correspondence
relationship between the voltage Vi2 and the output volt-
age Vs1 from the first charging circuit 13 in the case
where such update control for the voltage Vi2 is per-
formed. In an example of this figure, while the output
voltage Vs2 from the second charging circuit 14 exceeds
(Vs1 +Vth), the boosting circuit 19 performs no boosting.
For this reason, the voltage Vi2 agrees with the voltage
Vs2. In the case where the voltage Vs2 becomes equal
to or smaller than (Vs1 + Vth) (at a point p in the figure),
the boosting circuit 19 starts the boosting. Therefore, the
controlis made in such a way that the voltage Vi2 agrees
with (Vs1 + Vth). The threshold value Vth in this case is
determined in the consideration of the voltage drop by a
resistance component on a current path from the boost-
ing circuit 19 to the first charging circuit 13. In the figure,
Vth is set as a fixed value, and the magnitude of Vth in
this case is determined in response to a maximum value
of a current 10 which is caused to flow via the switching
circuit 18. That is, Vth is determined as a value respond-
ing to the voltage drop which is generated when the max-
imum current 1O is caused to flow. However, the control
circuit 21 may change the magnitude of Vth in response
to the magnitude of the current IO in real time. In this
case, the control circuit 21 monitors the current 10 and
the voltage Vs1, and adds Vth determined in response
to the value of the current 10, and the voltage Vs1 to each
other to determine the value of the voltage Vi2. As a re-
sult, a difference between the input voltage and the output
voltage of the first charging circuit 13 can be reduced,
thereby efficiently performing the operation.

[0042] FIG. 4B depicts another example of the boost-
ing control by the boosting circuit 19. In the example of
the figure, the voltage Vi2 is not linearly fluctuated in con-
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junction with the voltage Vs1 unlike the example depicted
in FIG. 4A, but the voltage Vi2 is changed step by step.
In this case, while the voltage Vs2 exceeds (Vs1 + Vth),
similarly to the case of FIG. 4A, no boosting is performed.
On the other hand, in the case where the voltage Vs2
becomes equal to or smaller than (Vs1 + Vth), the boost-
ing circuit 19 sets the voltage Vs2 to (Vs1 + Vth + o) to
start the boosting. Thereafter, whenever the voltage Vs1
rises by a, the boosting circuit 19 updates the voltage
Vs2 by using the voltage Vs1 at that time. According to
such control, the frequency of the updating of the voltage
Vs2 can be reduced, and the electric power can be stably
supplied to some extent.

[0043] As has been described so far, according to the
electrical machinery and apparatus 1 of the present em-
bodiment, the input to the first charging circuit 13 is
switched by using the switching circuit 18, whereby the
firstrechargeable battery 11 can be charged with not only
the electric power supplied from the external power
source, but also the electric power supplied from the sec-
ond rechargeable battery 12. For this reason, as long as
the battery capacity of the second rechargeable battery
12 is remained, the first rechargeable battery 11 can be
charged, so that the electric power supply with the large
current can be performed for the load 20 anytime.
[0044] It should be noted that the embodiment of the
present invention is by no means limited to the embodi-
mentdescribed above. For example, the boosting control
which is made by the boosting circuit 19 in the above
description may also be made by the first charging circuit
13. In this case, the boosting circuit 19 becomes unnec-
essary. FIG. 5 is a circuit diagram depositing a circuit
configuration in this case. In this modified change, in-
stead of absence of the boosting circuit 19, thefirstcharg-
ing circuit 13 has a function of a step-up and down con-
version responding to both the step-up and the step-
down. The output of the second charging circuit 14 is
connected to the switching circuit 18 without going
through the boosting circuit 19. In the case where no
external power source is connected, the output of the
second charging circuit 14, and the input of the first charg-
ing circuit 13 are connected to each other by the switching
circuit 18, and the voltage supplied from the second re-
chargeable battery 12 is inputted to the first charging cir-
cuit 13 without being boosted. That is, in this example,
the voltage Vs2 agrees with the voltage Vi2. The first
charging circuit 13 boosts the voltage Vi2 to the voltage
corresponding to the battery voltage Vb1 of the first re-
chargeable battery 11 and outputs the voltage obtained
through the boosting to charge the first rechargeable bat-
tery 11.

[0045] In addition, the circuit configuration of the elec-
trical machinery and apparatus 1 is by no means limited
to that depicted in FIG. 1 or FIG. 5, and may be various
kinds of configurations each fulfilling the similar function.
For example, although in the above description, the
switching element Sw1 and the switching element Sw2
are respectively built in the first charging circuit 13 and
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the second charging circuit 14, the switching elements
may be present outside the charging circuits. In addition,
although in the above description, the different two kinds
of rechargeable batteries are used together with each
other, three or more kinds of rechargeable batteries may
be used together with one another.

[Reference Signs List]

[0046] 1 Electrical machinery and apparatus, 11 First
rechargeable battery, 12 Second rechargeable battery,
13 First charging circuit, 14 Second charging circuit, 15
First capacity calculating circuit, 16 Second capacity cal-
culating circuit, 17 Power source terminal, 18 Switching
circuit, 19 Boosting circuit, 20 Load, 21 Control circuit.

Claims

1. An electrical machinery and apparatus having a first
rechargeable battery, and a second rechargeable
battery different in characteristics from the first re-
chargeable battery built therein, the electrical ma-
chinery and apparatus comprising:

a first charging circuit charging the first re-
chargeable battery; and

a second charging circuit charging the second
rechargeable battery,

wherein the second charging circuit charges the
second rechargeable battery with an electric
power supplied from an outside of the electrical
machinery and apparatus, and the first charging
circuit charges the first rechargeable battery
with both the electric power supplied from the
outside of the electrical machinery and appara-
tus, and an electric power supplied from the sec-
ond rechargeable battery.

2. The electrical machinery and apparatus according
to claim 1, further comprising:

a switching circuit switching a supply source of
the electric power inputted to the first charging
circuit between an external electric power sup-
ply source, and the second rechargeable bat-
tery,

wherein the first charging circuit charges the first
rechargeable battery with the electric power
supplied through the switching circuit.

3. The electrical machinery and apparatus according
to claim 2, wherein the switching circuit is connected
to a power source terminal, and switches the supply
source of the electric power to the electric power
supply source when the electric power supply source
is connected to the power source terminal, and
switches the supply source of the electric power to



15 EP 3 525 317 A1

the secondary rechargeable battery when no electric
power supply source is connected.

The electrical machinery and apparatus according
to claim 2 or 3, further comprising:

a boosting circuit disposed between an output side
of the second rechargeable circuit, and the switching
circuit, wherein the boosting circuit boosts the elec-
tric power outputted from the second rechargeable
battery through the second charging circuit and in-
puts the boosted electric power to the switching cir-
cuit.

The electrical machinery and apparatus according
to claim 4, wherein the boosting circuit boosts the
electric power outputted from the secondary re-
chargeable battery to a voltage which is determined
in response to the output voltage from the first charg-
ing circuit, and inputs the voltage to the switching
circuit.
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